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Particulate  samples  using  a modified  LA  Sampling  Train  were  obtained 
from  five  J52-P-8B,  three  J52-P-6B  ai.d  one  each  of  J52-P-408,  TF30-P-6C 
and  TF30-P-408  gas  turbine  engines.  The  samples  obtained  were  divided 
into  solid  particulates,  solvent  soluble  material  and  water  soluble 
material.  Results  Indicate  that  smokeless  combustors  in  the  J52  engine 
reduce  particulates  by  20  peroent.  Results  of  TF30  tests  are 
inconclusive  because  of  limited  sampling.  The  impact  of  smokeless 
combustor  on  stationary  source  regulations  was  also  assessed. 
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INTRODUCTION. 


1.  Naval  Air  Rework  Facilities  (NARF's)  have  been  cited  by  local  air 
pollution  authorities  for  exceeding  regulations  concerning  exhaust 
stack  smoke  opacity  from  jet  engine  test  cells.  The  smoke  opacity 
problem  lias  been  remedied  with  the  introduction  of  smokeless  combustors 
in  some  models  of  J52  and  TF30  gas  turbine  engines  and  by  the  use  of  the 
fuel  additive  ferrocene  for  other  non-smokeiess  engines.  As  stated  in 
reference  a the  smokeless  combustors  cause  a reduction  in  the  Ringelmann 
number  of  the  test  cell  exhaust  smoke  to  a value  below  one,  which  is  the 
maximum  limit  for  smoke  opacity  set  by  most  local  pollution  control 
authorities.  However,  another  test  cell  emission  problem  that,  needs  to 
be  considered,  is  particulate  loading.  There  are  local  limits  placeu 

on  particulate  loading,  but  to  date  they  have  been  generally  unenforceable 
due  to  the  lack  of  available  unsophisticated  particulate  sampling  equipment. 
This  does  not  preclude  the  enforcement  of  these  limits  at  some  future  date, 
however,  when  the  state-of-the-art  has  advanced  to  allow  uncomplicated  and 
unambiguous  particulate  sampling.  With  this  eventuality  in  mind,  a 
particulate  measurement  program  was  conducted  at  NARF  Alameda  in 
accordance  with  reference  b on  TF3C  and  J52  turbine  engines  with  and 
without  smokeless  combustors.  The  intent  of  this  program  was  to  evaluate 
the  benefits  of  smokeless  combustors  in  gas  turbine  engines  in  reducing 
particulate  emissions  from  test  cells.  This  study  was  authorized  by 
the  Ground  Support  Equipment  Department  (GSED)  of  the  Naval  Air  Engineering 
Center  (NAEC)  through  Project  Order  Number  P.O.  4-8012  dated  5 October  1973. 

2.  The  program  was  conducted  in  two  parts  in  order  to  conform  with  the 
availability  of  the  required  engines  at  NARF  Alameda.  The  tests  took  place 
during  24  April  to  8 May  and  16  June  to  28  June  1974.  A total  of  five 
J52-P-8B' s,  three  J52-P-6B’s,  and  one  each  J52-P-408,  TF30-P-408  and 
TF30-P-6C  were  tested.  The  initial  objective  called  for  particulate 
sampling  of  four  to  six  engines  each  of  smokeless  and  non-smokeless 
engines  of  the  J52  and  TF30  series  to  obtain  a statistically  reliable 
estimate  of  the  particulate  mass  emissions  from  each  gas  turbine  engine 
model.  The  overhaul  schedule  for  these  engines  at  NARF  Alameda  was  such 
that  the  initial  objective  could  be  achieved  only  for  the  J52-P-8B 
(smokeless)  engines. 

CONCLUSIONS. 


3.  The  J52-P-8B  with  smokeless  combustors  emitted  less  total  particulates 
at  idle  and  normal  rated  than  did  the  J52-P-6B  without  smokeless  combustors. 

4.  The  TF30-P-408  with  smokeless  combustors  emitted  more  total  particulates 
at  idle  and  maximum  continuous  power  than  did  the  TF30-P-6C  without  smokeless 
combustors . 

\ 

5.  The  smokeless  combustors  in  the  J52  and  TF30  engines  will  not  have  a 
significant  effect  on  compliance  with  present  particulate  emissions  standards 
at  NARF  Alameda  and  NARF  San  Diego  (assuming  that  the  standards  apply  to 
Navy  activities)  for  the  following  reasons: 
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a.  All  the  engines  tested  (smokeless  and  non-smokeless  type)  would 
comply  with  the  Bay  Area  Air  Pollution  Control  District  (BAAFCD)  limit 
for  particulate  loading  (0.15  grains/SCF). 

b.  None  of  the  engines  tested  (smokeless  and  non-smokeless  type) 
would  comply  with  the  San  Diego  Air  Pollution  Control  District  (SDAPCD) 
limit  for  particulate  loading  (0.10  grains/SCF  corrected  to  12  percent 
carbon  dioxide  (CO2)). 

RECOMMENDATION. 


6.  There  does  not  appear  to  be  a need  to  install  anti-pollution  devices 
for  particulates  on  the  J52  and  TF30  engine  test  cells  at  NARF  Alameda. 
Particulate  emissions  from  these  engines  meet  the  BAAPCD  limit  for 
particulate  loading.  However,  consideration  should  be  given  to  c lie 
installation  of  anti-pollution  devices  for  particulates  on  test  cells 

at  NAKF  North  Island  (NORIS)  and  other  NARF's  that  have  equally  stringent 
requirements  if  compliance  to  regulations  is  desired. 

DESCRIPTION  OF  TEST  EQUIPMENT 

7.  Particulate  material  emitted  from  test  cell  stacks  is  probably 
the  most  difficult  pollutant  to  assess.  One  reason  for  this  is  that 
there  is  no  agreement  as  to  what  particulate  material  is  and  how  it 
should  be  measured.  The  definitions  of  particulate  naterial  vary  and 
the  amount  collected  depends  on  the  method  used.  For  example,  Figure 

1 shows  the  schematics  of  three  different  test  methods  used  for  sampling 
particulates. 

8.  Figure  l.a.  is  the  Environmental  Protection  Agency  (EPA)  sampling 
train  identified  as  Method  5 in  the  Federal  Register  (reference  c). 

Tliis  method  collects  material  at  250°F  in  the  cyclone  and  the  filter  and 
defines  this  total  as  particulate  material. 

9.  Figure  l.b.  shows  the  BAAPCD  particulate  sampling  train.  This  method 
defines  particulates  as  material  collected  on  an  alundum  or  glass  fiber 
filter  at  the  stack  temperature. 

10.  Figure  l.c.  shows  the  Los  Angeles  Air  Pollution  Control  District 
(LAAPCD)  sampling  train.  In  this  method  any  materials  condensed  or 
caught  in  the  impingers  (which  are  at  70SF)  and  filter  thimble  downstream 
of  the  impingers  are  considered  particulates.  This  method  is  the  most 
severe  method  of  measurement  in  that  it  collects  all  solids  and 
condensible  material  at  70°F. 

11.  The  situation  as  it  exists  presents  a problem  to  the  Navy  since  it  has 
test  ceils  scattered  all  over  the  United  States,  and  different  definitions 
of  particulate  emissions  apply  to  these  test  cells.  For  the  purpose  of  this 
report,  particuLate  emissions  include  ail  particulate  material  plus 
condensible  material.  The  particulate  sampling  equipment  used  for 
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the  particulate  measurement  program  at  NARF  Alameda  was  a modified  LAAPCD 
sampling  train.  The  modification  consisted  of  the  following: 

a.  The  filter  was  placed  before  the  water  filled  impingers. 

b.  The  filter  was  heated  to  200°F. 

c.  The  water  filled  iupingers  were  placed  in  an  ice  water  bath. 

12.  The  J52  engine  is  described  in  reference  d as  an  axial  flow  compressor 

engine  with  a multi-stage  reaction  turbine  and  nine  through-flow  combustion 
chambers,  arranged  in  an  annular  space.  The  multi-stage  axial  compressor 
consists  of  a five-stage  low  pressure  unit  and  a seven-stage  high  pressure 
unit.  The  low  pressure  compressor  unit  is  connected  by  a through  shaft 
to  a single-stage  low  pressure  turbine  and  the  high  pressure  compressor  unit 
is  connected  independently  by  a hollow  shaft  to  a single-stage  high  pressure 
turbine.  Individual  differences  in  the  models  tested  are  as  follows: 

a.  J52-P-6B  Turbojet  Engine  - this  is  the  basic  J52  engine  containing 

no  smoke  reduction  hardware.  There  is  one  fuel  nozzle  in  each  combustion 

chamber . 


b.  J52-P-8B  Turbojet  Engine  - this  model  incorporates  smoke  reduction 
combustion  chambers. 

c.  J52-P-408  Turbojet  Engine  - the  J52-P-408  incorporates  two  position 
inlet  guide  vanes  and  smoke  reduction  combustion  chambers  with  four  fuel 
nozzles  for  each  combustion  chamber. 

13.  Tbe  TF30  turbofan  engine  is  described  in  reference  d as  an  axial-flow 
gas  turbine  engine  with  a can-annular  burner  having  eight  through-flow 
combustors,  a nine  stage  low  pressure  compressor  driven  by  a three-stage 
low  pressure  turbine,  and  a seven-stage  high  pressure  compressor  driven 
independently  with  a hollow  shaft  by  a single  stage  high  pressure  turbine. 
The  fan  and  compressor  inlets  are  common  and  core  and  fan  airflows  are 
combined  for  discharge  through  a convergent  jet  nozzle.  Characteristics  of 
the  engines  tested  are: 

a.  TF30-P-6C  Turbofan  Engine  - this  model  TF30  incorporates  a three- 
stage  fan  and  contains  no  smoke  reduction  hardware. 

b.  TF30-P-408  Turbofan  Engine  - this  model  TF30  incorporates  a two- 
stage  fan,  improved  sea  level  performance  and  smoke  reduction  capability 
through  an  increased  turbine  inlet  temperature  3nd  numerous  part  changes 

in  the  combustor  (e.g.  four  nozzles  per  can),  high  and  low  pressure  turbine 
and  exhaust  sections. 

N 

METHOD  OF  TEST 


14.  Tiie  engines  tested  during  the  course  of  this  program  were  run  two  hours 
in  addition  to  me  normal  engine  acceptance  run  performed  on  all  engines 
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after  overhaul.  This  permitted  particulate  sampling  for  one  hour  at 
idle  and  one  hour  at  normal  rated  (J52) /maximum  continuous  (TF30) 
power.  After  an  engine  run  was  conducted  at  one  power  setting,  the 
sampling  probe  and  sample  line  along  with  the  sampling  apparatus 
containing  the  filter  and  water  filled  impingers  were  removed  from  the 
test  cell.  A second  clean  probe,  sample  line  and  sampling  apparatus 
containing  a clean  filter  and  fresh  distilled  impinger  water  were  then 
installed.  The  engine  was  then  run  at  the  second  power  setting. 

Clean  equipment  was  used  for  each  test  run.  Two  complete  and  independent 
sets  of  particulate  sampling  equipment  were  used  to  minimize  downtime 
between  engine  runs. 

15.  The  modified  LA  sampling  train,  mentioned  in  the  previous  section 
was  used  to  take  particulate  samples  from  each  of  the  engines  tested. 

A sample  of  exhaust  gas  was  drawn  by  means  of  a vacuum  pump  through 

a heated  (200°F)  sampling  probe  and  sample  line,  through  a heated 
(200°F)  glass  fiber  filter  and  then  through  each  of  five  impingers 
which  were  cooled  in  an  ice  bath.  The  first  two  impingers  contained 
250  milliliters  (mis)  each  of  distilled  water,  the  third  contained  silica 
gel  to  abHorb  any  residual  molrture  and  the  last  two  were  empty.  The 
sample  then  passed  through  a regulating  needle  valve  into  the  vacuum 
pump,  a flow  meter,  a gas  meter,  and  finally  to  the  atmosphere.  At 
the  end  of  each  engine  run,  a solvent  (chloroform)  was  used  to  thoroughly 
wash  out  any  particulate  material  adhering  to  the  inner  walls  of  the 
sampling  probe  and  sample  line.  Chloroform  was  used  because  it  evaporates 
very  quickly  in  air  without  leaving  a residue.  Tins  minimized  the  downtime 
needed  to  dry  out  the  probe  and  sample  line,  as  well  as  the  possibility 
of  introducing  an  unrelated  contaminant.  This  solvent/part iculate  material 
mixture  was  collected  in  a clean  plastic  bottle.  Secondly,  the  filter  was 
carefully  removed  from  its  holder  and  placed  in  a plastic  petri  dish. 

Finally,  the  contents  of  the  two  water  filled  impingers  were  poured  into 
a second  clean  plastic  bottle. 

16.  The  probe  and  line  washings,  filters  and  impinger  water  were  returned 
to  the  Naval  Air  Propulsion  Test  Center  (NAPTC)  for  laboratory  analysis. 

The  analysis  can  be  broken  down  as  follows: 

a.  Probe  and  line  washings  - each  sample  of  soiveni/part iculate  material 
mixture  was  emptied  into  a separate  tared  glass  beaker.  The  solvent  was 
allowed  to  evaporate  until  only  the  particulate  material  remained.  The 
weight  of  the  particulate  material  was  determined  by  the  following  formula: 

Wp  = Wgb  -Wtb 

where:  Wp  = particulate  weight. 

wgb  = gross  weight  of  beaker. 

Wtb  " tare  weight  of  beaker. 

b.  Filter  - the  clean  filters  were  weighed  at  NAPTC  before  the 
start  of  this  program.  Therefore,  the  weight  of  particulate  material 
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deposited  on  the  filter  was  determined  by  subtracting  the  weight  of  the 
clean  filter  from  the  weight  of  the  same  filter  containing  the  particulat 
material. 


c.  Impinger  Water  - the  impinger  water  collected  the  condensible 
material  present  in  the  exhaust  gas.  The  condensible  material  can  be 
broken  down  into  solvent  soluble  and  water  soluble  material. 

(1)  Solvent  Soluble  Material  - a chloroform  extraction  was 
performed  on  each  sample  of  impinger  water.  The  impinger  water  was 
poured  into  a separatory  funnel  to  which  was  added  approximately  50  nl 
of  solvent.  The  mixture  was  shaken  vigorously  for  several  minutes  and 
then  allowed  to  sit  until  the  solvent  and  water  visibly  separated.  The 
chloroform  fraction  was  then  drained  off  into  a tared  glass  beaker. 

The  extraction  process  was  repeated  three  times  for  each  sample.  The 
solvent  was  allowed  to  evaporate  until  only  the  solvent  soluble  material 
remained.  The  weight  of  this  material  was  determined  as  described  in 
paragraph  16. a. 

(2)  Water  Soluble  Material  - after  the  solvent  extraction  was 
completed,  the  water  that  remained  was  poured  into  a tared  glass  beaker 
and  placed  on  a hot  plate  (below  boiling  temperature)  to  aid  evaporation. 
After  the  water  completely  evaporated,  only  the  water  soluble  material 
remained.  The  weight  of  this  material  was  also  determined  by  the 
difference  between  gross  and  tare  weights. 

ANALYSIS  OF  RESULTS  AND  DISCUSSION, 

17.  J52  Turbojet  Engine 

a.  Table  1 gives  a summary  of  the  particulate  data  for  all  the 
runs  and  typical  engine  performance  data  are  given  in  Table  II. 

Figure  2 shows  the  total  particulate  density  for  the  standard  and 
smokeless  J52  engines.  The  levels  shown  are  the  averages  for  all  the 
runs  on  each  type  engine.  The  one  set  of  particulate  data  obtained  on 
the  J52-P-408  is  presented  separately.  Although  this  engine  has 
smokeless  combustors,  the  other  parts  changes  incorporated  in  this  engine 
model  (e.g.  four  fuel  nozzles  per  combustion  chamber  and  two-position 
inlet  guide  vanes)  require  that  a separate  analysis  be  performed  on  its 
particulate  emissions  data.  There  was  approximately  a 20  percent 
average  reduction  in  total  particulate  emissions  at  idle  and  a 21  percent 
reduction  at  normal  rated  power  for  the  J52-P-8B  engine  as  a result  of 
the  smokeless  combustors.  The  total  particulate  levels  for  the  single 
J52-P-408  engine  tested  were  lower  than  those  of  the  non-smokeless  J52  by 
10  percent  at  idle  and  24  percent  at  normhl  rated  power.  These  results 
indicate  that  the  reduction  in  smoke  levels  attributed  to  the  modified 
engines  was  achieved  by  combustion  of  some  of  the  particulate  matter  or 
more  complete  combustion  of  the  fuel. 
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b.  A further  understanding  of  the  causes  for  the  differences  in 
particulate  levels  is  obtained  when  the  total  particulate  emissions 
are  broken  down  and  observed  at  each  stage  of  collection. 

(1)  Probe  and  sample  line  (first  area  of  collection)  - as  shewn 
in  Figure  3,  the  particulates  collected  from  the  probe  and  line  generally 
do  not  show  as  great  a difference  between  the  smokeless  and  standard 
configurations  as  was  seen  with  total  particulates.  A most  significant 
point  is  the  value  at  normal  rated  for  the  J52-P-8B  engine,  which  is 
identical  to  the  particulate  levels  at  normal  rated  power  for  the  J52-P-6B. 
These  results  indicate  that  the  low  smoke  modification  lias  little  effect 

on  the  larger  particles  that  tend  to  ”iall-out"  in  the  probe  and  line. 

The  actual  material  collected  from  a J52-P-6B  and  a J52-P-8B  is  shown 
in  Figure  4. 

(2)  Filter  (second  area  of  collection)  - it  is  at  the  filter 
that  the  most  dramatic  difference  is  apparent.  Figure  5 shows  that 
there  is  approximately  seven  times  more  particulate  material  deposited 
on  the  filter  for  the  J52-P-6B  than  for  the  J52-P-8B  at  idle  and  five 
and  one-half  times  more  material  at  normal  rated.  At  idle  the  J52-P-8B 
engine  with  smokeless  combustors  shows  very  little  particulate  accumulation 
on  the  filters  (Figure  6).  The  results  with  the  J52-P-408  are  similar 

to  those  with  the  J52-P-8B  but  the  difference  from  the  non-smokeiess 
engine  is  not  quite  so  pronounced.  Since  the  larger  particles  in  the 
overall  particulate  emissions  fall  out  in  the  probe  and  sample  line,  the 
material  on  the  filter  is  composed  of  the  small  particles.  The  large 
decrease  in  tills  portion  indicates  that  the  small  particles  are  consumed 
in  the  combustion  process.  Since  a similar  filter  sample  is  used  to 
correlate  witti  smoke  production,  the  significant  decrease  in  deposition 
at  this  point  is  consistent  with  the  known  smoke  reduction  achieved  with 
the  modified  engines. 

(3)  Water  filled  impingers  (third  area  of  collection)  - Figure  7 
shows  that  the  quantity  of  solvent  soluble  material  from  the  J52-P-6B 
and  the  J52-P-408  is  approximately  the  same  as  that  from  the  J52-P-8B 

at  normal  rated.  Significantly  more  solvent  soluble  material  is  collected 
in  the  impingers  with  both  types  of  smokeless  combustors  than  with  the 
standard  combustor.  The  evaporated  residues  are  shown  in  Figure  8.  As 
shown  in  Figure  9,  there  was  no  consistent  trend  between  combustor  types 
with  respect  to  the  water  soluble  material.  The  evaporated  residues  are 
shown  in  Figure  10.  The  solvent  soluble  and  water  soluble  materials  consist 
primarily  of  unburned  or  highly  oxidized  hydrocarbons  of  low  molecular 
weight  which  are  in  a vapor  state  prior  to  being  absorbed  or  condensed  in 
the  impingers.  They  have  very  little  impact  on  total  particulate  levels  and 
do  not  contribute  to  smoke  production.  Variations  between  the  combustors 
in  emission  of  these  materials,  therefore,  are  not  considered  significant 
factors. 
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18.  TF30  Turbofan  Engine  - Che  particulate  measurement  data  obtained 
for  the  TF30  engine  do  not  represent  a statistically  acceptable  source 
of  information  since  only  one  of  each  engine  model  was  tested.  The 
data,  which  are  also  shown  in  Table  I,  were  obtained  on  one  TF30-P-4Q8 
engine  and  one  TF30-P-6C  engine.  Hie  performance  data  for  these  engines 
are  shown  in  Table  III.  Figure  11  shows  a 52  percent  increase  in  total 
particulate  emissions  for  the  TF30-P-408  (smokeless  combustor)  at 
maximum  continuous  power.  However,  visible  smoke  at  this  power  setting 
has  been  almost  completely  eliminated.  This  increase  in  total  particulate 
emissions  can  be  better  understood  by  breaking  down  total  particulate 
emissions  and  evaluating  them  at  each  area  of  collection. 

a.  Probe  and  sample  line  - the  amount  of  particulate  material  collected 
in  the  probe  and  sample  line  at  idle  for  the  TF30-P-408  is  slightly  more 
than  that  for  the  TF30-P-6C  as  shown  in  Figure  12.  At  maximum  continuous 
power,  approximately  2.4  times  more  particulate  material  was  collected  for 
the  TF30-P-408  than  for  the  TF30-P-6C.  Additional  particulate  testing 

is  necessarv  to  establish  if  this  increase  is  characteristic  of  all 
TF30-P-408  engines. 

b.  Filter  - Figure  13  compares  particulate  concentration  on  the 
filter  for  the  TF30-P-408  and  TF30-P-6C.  Five  times  more  particulate 
material  was  deposited  on  the  filter  for  the  TF30-P-6C  than  for  the 
TF30-P-408  at  idle  and  six  times  more  material  was  collected  at  maximum 
continuous  power.  This  information  exhibits  a similar  trend  to  that 
observed  for  the  J52  engine  and  is  a further  indication  of  more  complete 
burning  of  small  particles  in  the  combustion  system  of  the  smokeless 
engine.  It  is  also  consistent  with  lower  smoke  emissions  for  the 
smokeless  engine. 

c.  Water-filled  impingers  - as  shown  in  Figure  14  the  TF30-P-4Q8 
emitted  three  times  more  solvent  soluble  material  at  idle  than  did  the 
TF30-P-6C  and  four  times  more  at  maximum  continuous  power.  Although 
the  solvent  soluble  material  in  the  impingers  is  not  a significant 
portion  of  total  particulates  (less  than  2.5  percent),  this  result 
indicates  that  the  smokeless  TF30-P-408  may  emit  a higher  level  of 
unburned  hydrocarbons  at  both  idle  and  maximum  continuous  power.  This 
fact  should  be  verified  since  it  does  contribute  to  an  increase  of  an 
undesirable  pollutant;. 

d.  Neither  tiie  TF30-P-408  nor  the  TF30-P-6C  emitted  any  measurable 
amount  of  water  soluble  material. 

19.  The  BAAPC1)  has  their  own  method  for  sampling  particulates  (Figure  l.b.), 
but  they  do  recognize  the  validity  of  data  gathered  using  other  equivalent 
methods  (reference  e).  Therefore,  the  particulate  sampling  data  collected 
during  the  course  of  this  program  using  the  modified  LAAPCD  sampling  train 
would  be  acceptable  to  the  BAAPCD  and  could  be  applied  to  their  limits. 
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The  BAAPCD  assumes  that  it  has  legal  jurisdiction  over  NARF  Alameda  and 
that  Federal  facilities  will  be  treated  the  same  as  private  industry. 
Regulation  2 of  the  BAAPCD  defines  four  types  of  combustion  operation: 
incineration,  salvage,  heat  transfer  and  general  combustion  operation. 

BAAPCD  states  that  a jet  engine  in  a test  cell  falls  under  general 
combustion  operation.  This  decision  is  significant  since  under  a 
general  combustion  operation  the  particulate  matter  grain  loading  is 
exempted  from  a six  percent  oxygen  correction  which  is  applied  to  heat 
transfer,  incineration  and  salvage  operations.  The  normalization  to  six 
percent  oxygen  concentration  in  effect  increases  the  particulate  loading 
value  measured  at  the  stack  exit.  The  limit  for  particulate  grain 
loading  at  the  stack  exit  is  0.15  grains  per  standard  cubic  foot  (gr/SCf)  of 
exhaust  gas.  The  particulate  grain  loadings  for  the  engines  tested  are 
presented  in  Figure  15, representing  stack  exit  conditions.  During  an 
engine  test  augmentation  air  is  aspirated  into  the  stack  and  produces 
a dilution  effect  of  approximately  three  to  one.  Figure  15  (with  this 
dilution  factor  applied)  shows  that  all  the  engines  tested,  with  and 
without  smokeless  combustors,  fall  below  the  limit  set  by  the  BAAPCD. 

20.  Although  this  program  was  run  at  NARF  Alameda  which  is  under  the 
jurisdiction  of  the  BAAPCD,  the  SDAPCD  deserves  attention  because 
San  Diego  does  not  breakdown  the  combustion  process  into  various  classes 
as  does  the  BAAPCD.  The  limits  apply  across  the  board  to  all  sources. 

This  is  a prime  example  of  how  pollution  control  legislation  differs 
from  area  to  area.  Particulate  matter  concentration  is  required  to  be 
corrected  to  12  percent  CO2  at  the  exhaust  stack.  This  results  in  a 
significantly  higher  grain  loading  than  the  engine  produces.  The* 

12  percent  CO2  correction  is  used  to  prevent  attempts  to  seek  compliance 
by  dilution  of  the  pollutant  with  excess  air.  The  correction  is  applied 
as  follows: 

12%  CO? 

Particulates  (corrected)  = Stack  CO2  X Particulates  (measured) 

The  SDAPCD  uses  an  EPA  sampling  train  (Figure  l.a.)  for  sampling  particulates. 
They  will  however,  accept  data  collected  using  other  procedures  after  they 
evaluate  the  procedure  and  are  convinced  the  data  obtained  are  representative 
of  the  actual  particulate  loading  (reference  f).  Figure  16  shows  the 
corrected  data,  along  with  the  SDAPCD  limit  for  particulate  loading.  It 
is  obvious  from  the  graph  that  none  of  the  engines  tested  with  or  without 
smokeless  combustors  would  be  acceptable.  For  this  reason  further 
investigation  needs  to  be  carried  out  to  select  an  acceptable  anti- 
pollution device  if  the  SDAPCD  limit  were  applied  ..o  test  cells. 
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* Run  number  5 was  a rerun  of  run  number  1.  This  was  the  first  J52-P-8B  engine  tested  and  the  exceptionally 
clean  appearance  of  tiie  filter  after  the  run  made  the  data  suspect.  However,  the  rerun  (run  number  5) 
produced  similar  results.  Therefore,  runs  3 and  5 were  averaged  together  and  used  as  one  run  for  the 
purpose  of  data  analysis. 

**  fiit-se  runs  were  not  completed  due  to  engine  problems  arising  during  the  test. 
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PWA  Specification  No.  N-6128 


SCHEMATICS  OF  PARTICULATE  MEASUREMENT  SYSTEMS 
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FIGURE  1 


PARTICULATE  DENS  IT V (PROBE  AND  LIKE  WASHINGS) 


VOI1  J52-P-8U,  J52-P-6U  AWU  J52-P-4Q8  ENGINES 


0.40* 


0.30J 

Parc  Iculate 
Density 
(gms/m3) 
Average  0i20 
Values 


0.10H 


Idle  NU 

J52-P-8U 
Smokelsss 
Combustors 


Idle  NR 

J52-P-6B 
Won- Smoke less 
Combustors 


14 


Idle  NR 
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FIGURE  3 


PHOTOGRAPHIC  COMPARISON  OF  PROSE  AND  LINE  WASHINGS 
FOR  J52-P-8S  AND  JS2-P-68  ENGINES 


FIGURE  A 


PHOTOGRAPHIC  COMPARISON  OF  FILTERS 
FOR  J52-P-8B  AND  J52-P-6B  ENGINES 
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FIGURE  6 


photographic  comparison  of  solvent  soluble  material 
FOR  J52-P8B  AND  J52-P-6B  ENGINES 
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^ fGURE  8 


PHOTOGRAPHIC  COMPARISON  OF  WATER  SOLUBLE  MATERIAL 
FOR  J52-P- SB  AND  J52-P  6B  ENGINES 
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PART ICl'LATL  DENSITY  (TOTAL  PARTICULATES)  FOR 
TF30-P-408  ANT)  TF30-P-6C  ENGINES 

NOTE:  o;;ly  one  eng  ike  of  EACH  type  was  tested 
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FIGURE  11 


1 

PARTICULATE  DENSITY  (PUOBE  AND  LINE  WASHINGS)  FOR 
11  TF30-P-408  AMU  TF30-P-6C  ENGINES 


MOTE?  ONLY  ONE  ENGINE  OF  EACH  TYPE  WAS  TESTED 
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FIGURE  12 


PARTICULATE  DENSITY  (FILTER  ONLY)  FOR 
TF30-P-403  A:iD  TF30-P-6C  ENGINES 
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NOTE:  ONLY  ONE  ENGINE  OF  EACH  TYPE  WAS  TESTED 
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FIGURE  13 


Particulate 

Density 

(gms/m3) 


PARTICULATE  DENSITY  (SOLVENT  SOLUBLE  MATERIAL) 
FOR  TFTQ-P-4Q8  AND  TF3Q-P-6C  ENGINES 


HOTE:  ONLY  ONE  ENGINE  OF  EACH  TYPE  WAS  TESTED 


FIGURE  14 


Idle  MC  Idle  MC 
TF30-P-4Q8  TF30-P-6C 
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Combustors  Combustors 


FIGURE  15 


SDAPCD  LIMIT  FOR  STACKS  COMPARED  TO  J52 
AND  TF30  EXHAUST  STACK  PARTICULATE  LOADING 
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FIGURE  16 


NAPTC-PE-48 
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